This analysis of nearly 10,000 hospital-associated urinary tract infection (UTI) episodes due to Escherichia coli showed that fluoroquinolone and third-generation-cephalosporin resistance rates were 34.5% and 8.6%, respectively; the rate of concurrent resistance to both agents was 7.3%. Fluoroquinolone resistance rates exceeded 25% regardless of geographic location or hospital characteristics. The findings suggest that fluoroquinolones should be reserved and third-generation cephalosporins be used with caution as empirical agents for hospitalized patients with UTIs due to E. coli.
I
t is well established that Escherichia coli is the predominant cause of urinary tract infections (UTIs) (1, 2) . In the hospital setting, fluoroquinolones or third-generation cephalosporins are commonly prescribed to provide empirical coverage against this pathogen among patients with UTIs. However, the effectiveness of these first-line agents has been compromised by the emergence of antibiotic resistance (3) . The Infectious Diseases Society of America (IDSA) discourages empirical use of therapeutic agents for UTIs when resistance rates exceed 10 to 20% (1) . While this is broadly recognized, few published contemporary surveillance studies among hospitalized patients have documented resistance rates for commonly used antibiotics for UTIs due to E. coli. This study was conducted to identify geographic locations and hospital characteristics associated with elevated resistance rates for fluoroquinolones and third-generation cephalosporins among hospitalized patients with UTIs due to E. coli.
This retrospective observational study used hospital discharge data from approximately 160 U.S. health care facilities in the Premier research database (1 January 2009 to 31 March 2013) with accessible microbiology results. Patients from the database were included if they had positive urine culture results for E. coli and had received an antibiotic with activity against Gram-negative organisms on the index culture date or within the 3-day period thereafter. For patients with multiple UTIs during a hospitalization, subsequent UTI episodes within 30 days after the first episode were excluded.
Nonsusceptibility was determined according to individual guidelines for susceptibility testing at each participating site. Fluoroquinolone resistance was defined as nonsusceptibility to levofloxacin, ciprofloxacin, or gatifloxacin. Third-generation-cephalosporin resistance, a surrogate marker of organisms that produce an extended-spectrum ␤-lactamase (ESBL), was classified as nonsusceptibility to ceftazidime, ceftriaxone, or cefotaxime. Fluoroquinolone and third-generation-cephalosporin resistance rates were stratified by U.S. geographic region (nine Centers for Disease Control and Prevention regions, namely, Mountain, Pacific, West North Central, West South Central, East North Central, East South Central, New England, Middle Atlantic, and South Atlantic) and hospital type (teaching versus nonteaching and urban versus rural).
Descriptive statistics for patient demographics and characteristics of hospital visits, stratified by fluoroquinolone resistance, third-generation-cephalosporin resistance, and concurrent resistance, are provided in Table 1 . A total of 9,944 UTI episodes due to E. coli were included for analysis. Overall rates of resistance to fluoroquinolones and third-generation cephalosporins were 34.5% and 8.6%, respectively. The rate of concurrent resistance to both fluoroquinolones and third-generation cephalosporins was 7.3%. Some variation in resistance phenotypes was seen upon stratification by geographic region (Fig. 1 ). Higher resistance rates were observed in the East South Central and Pacific areas, while lower rates were seen in the West North Central area. Stratification by hospital type showed stable fluoroquinolone resistance rates of around 35%, while ESBL and concurrent fluoroquinolone and ESBL-phenotype resistance rates were Ͻ10% (Table 1) . Generally, the resistance rates for nonteaching and urban hospitals were slightly higher than the rates observed for their academic and rural counterparts. Overall, there were several notable resistance patterns in this analysis of nearly 10,000 episodes of UTIs due to E. coli across approximately 160 U.S. hospitals. First, fluoroquinolone resistance exceeded 25% across all geographic and hospital type strata. The overall observed incidence of fluoroquinolone resistance (34.5%) was comparable to those described in a Study for Monitoring Antimicrobial Resistance Trends (SMART) analysis from 2009 to 2011 with fewer E. coli isolates (n ϭ 1,045; ciprofloxacin and levofloxacin resistance rates of 35.2% and 34.8%, respectively) (4). These rates are considerably higher than those reported in surveil- lance studies of hospitalized patients with UTIs in North America from the early 2000s (3 to 5%) (5, 6). Other noteworthy findings were the observed rates of resistance to third-generation cephalosporins (a surrogate marker for ESBL producers) among patients with UTIs due to E. coli. The overall incidence of resistance to third-generation cephalosporins exceeded 5 to 10% in certain geographic regions. Interestingly, rates of concurrent resistance to fluoroquinolones and third-generation cephalosporins were similar to rates of resistance to third-generation cephalosporins (approximately 5 to 10%). Given that resistance trends drive empirical therapy selection, our findings have important implications for clinical practice. Currently, fluoroquinolone antibiotics are frequently selected for empirical UTI treatment in hospital settings. In one study, fluoroquinolones were used for 42% of empirical therapy days (7). Although current IDSA UTI treatment guidelines identify fluoroquinolones as an appropriate empirical therapy option, this recommendation is contingent on local resistance rates being Ͻ10% (1, 2) . Given the endemicity of fluoroquinolone-resistant E. coli found in our large populationbased study, we propose that fluoroquinolones should not be used empirically for hospitalized patients with UTIs. Furthermore, our results suggest that caution should be exercised when using thirdgeneration cephalosporins, such as ceftriaxone and ceftazidime, as empirical treatment for hospitalized patients with UTIs, as national resistance rates approach 10%. Institutions should be proactive and perform patient-level risk factor analyses to identify patient populations at greatest risk for third-generation-cephalosporin resistance. Given the risk for concurrent drug resistance among these patients, alternatives to both fluoroquinolones and third-generation cephalosporins should be considered empirically. Collectively, these data indicate that hospitalized patients with UTIs are candidates for empirical therapy that has a wider spectrum of activity than a fluoroquinolone or third-generation cephalosporin; institution-specific susceptibility rates should guide ultimate empirical therapy selection. Several limitations affect the interpretation of these findings. We relied on susceptibility reporting by participating institutions. While it would have been preferable to employ a central clinical microbiology reference laboratory, this study provides "realworld" susceptibility data on consecutive isolates across a greater number of institutions than in a typical surveillance study. We defined UTIs by positive clinical urine culture results and receipt of antibiotic treatment only; differentiation between true infections and colonization was not possible without complete individual clinical information. However, our data clearly highlight major concerns regarding E. coli resistance among hospitalized patients. Although we stratified resistance rates by region and hospital characteristics, our findings may not apply to every institution in a given region. Local antibiograms should always drive empirical antibiotic selection. Although ESBL production was not confirmed with formal molecular testing, third-generation-cephalosporin resistance is a practical surrogate measure that is readily available on standard culture susceptibility reports. This study did not assess resistance rates among other uropathogens; empirical UTI treatment is primarily directed against E. coli, and its resistance patterns drive initial therapy selection. Additionally, we did not evaluate antibiotic resistance factors on a patient-specific level. Formal analysis of patient-specific risk factors for resistance is important, but this granularity was outside the scope of our objective to characterize E. coli resistance rates on the regional and institutional levels. When considering the potential impact of patient-specific factors on our findings, it is notable that only 3.9% of our cohort was from a skilled nursing facility. Greater inclusion of skilled nursing facility patients would likely result in even higher resistance rates than those observed in this study, but further evaluation is needed. Despite these limitations, we think that characterization of these resistance trends still provides valuable actionable information for clinicians. Furthermore, our methods and findings complement a growing interest in electronic medical record-based surveillance, particularly for antimicrobial stewardship benchmarking.
In conclusion, our findings underscore national public health concerns about increasing fluoroquinolone and third-generationcephalosporin resistance among hospitalized patients with UTIs due to E. coli. Given that antimicrobial resistance patterns drive empirical therapy choices, our findings suggest that fluoroquinolones should be reserved and third-generation cephalosporins be used with caution among hospitalized patients with UTIs. While knowledge of resistance rates by geographic region and hospital type can provide a useful benchmark, clinicians should ultimately base empirical therapy decisions on institution-specific patterns and patient-specific data whenever possible.
